The geographic ranges of birds and other organisms are expected to move north in the northern hemisphere as the climate becomes warmer. To evaluate the hypothesis that such shifts are already underway, we examined ~100 years of literature concerning the ranges (breeding, wintering, migration/dispersal) of 672 avian species, subspecies, and subspecies groups ("species") recorded in the states of California, Baja California, and Baja California Sur, including their offshore waters. The generally north-south alignment of these states over ~2500 km (>20° of latitude) along the west coast of North America is well suited for our inquiry. Making our analysis possible was the series of avifaunal summaries for these regions prepared primarily by Joseph Grinnell and colleagues early in the 20th century. Of the 672 species examined, 533 showed a real or apparent change in distribution. In 51% of those cases (270 species), we conclude the change was apparent rather than real, attributable to greater observer coverage and the accumulation of knowledge and records with the passing of time. Of the 263 species judged to show real changes, 26% represent fluctuating distributions, westward or eastward expansions, novel ocean expansions, extinctions or extirpations, or the result of introductions and escapes. The remaining 194 species exhibited latitudinal changes. We consider 46 (24%) of these changes to reflect primarily habitat alteration or recovery from other direct human effects (cessation of the feather trade, decreased shooting). Of 148 (all native) species with latitudinal range changes not readily explained by such factors, 102 adjusted northward, 36 adjusted southward, and 10 adjusted in both directions. Changes in resident species are evenly divided between northward and southward adjustments. In contrast, 64% of changes to breeding ranges of migratory species and 89% of those to winter ranges and in other seasonal roles were northward. Northward range expansion and southward range contraction occurred primarily in California, northward contraction occurred primarily in southern California and Baja California, and southward expansion occurred primarily in southern California. Nonpasserines (particularly waterfowl, rails, cranes, terns, skimmers, and herons and allies) are disproportionately overrepresented among the 148 species changing latitudinally not directly affected by human actions; grebes, shorebirds, loons, and seabirds are disproportionally underrepresented. Swallows are the passerine group best represented by latitudinal range changes. Habitats most closely associated with these 148 species are wetlands, marine, and mixed forest (66%), especially among nonpasserines (80%). In aggregate, the range changes we summarize show the northward movement of bird distributions predicted to result from warming. Grinnell 1915 , 1928 , 1933 , 1943 , Grinnell et al. 1918 , 1930 , 1937 , Grinnell and Storer 1924 , Grinnell and Miller 1944 . Now, in the age of eBird (ebird.org/content/ ebird/), much of our knowledge of bird distribution accumulates at a far more rapid pace and on a broader geographical front, but typically at a more superficial level. Nevertheless, eBird allows for great progress in addressing Grinnell's comments in the introduction to one of his early lists of California birds (Grinnell 1915:6):
O ur knowledge of the natural history of western North America's vertebrates owes much to the legendary Joseph Grinnell, "perhaps the greatest student of North American birds and mammals whom the continent has yet produced" (Hutchinson 1978:153) . During his tenure as director of the Museum of Vertebrate Zoology at the University of California, Berkeley, from 1908 to 1939, he and his colleagues documented much of what is known about the distribution of the birds and mammals of western North America in the early 20th century (e.g., Grinnell 1915 , 1928 , 1933 , 1943 , Grinnell et al. 1918 , 1930 , 1937 , Grinnell and Storer 1924 , Grinnell and Miller 1944 . Now, in the age of eBird (ebird.org/content/ ebird/), much of our knowledge of bird distribution accumulates at a far more rapid pace and on a broader geographical front, but typically at a more superficial level. Nevertheless, eBird allows for great progress in addressing Grinnell's comments in the introduction to one of his early lists of California birds (Grinnell 1915:6): There is marked need for much further field work, such as any conscientious student of birds can engage in locally, whereby relative numbers of each species will be ascertained for restricted areas throughout the year. The census idea is an excellent one in this connection, and it is to be hoped that greatly improved methods of recording bird populations will be developed, so that distributional behavior can be expressed in more nearly exact terms than is at present possible.
Of course, ever more rigorous and intensive studies of bird distribution, such as breeding bird atlases, continue to accumulate as well. In the face of this onslaught of information, periodic summaries and analyses of large-scale avifaunal distribution are useful.
Revisiting bird distribution in western North America, and investigating changes in distributions that have occurred since Grinnell's time, is particularly valuable in assessing how climate change may be affecting bird distributions. The ranges of a number of plants and animals are shifting toward the poles (Thomas and Lennon 1999 , Parmesan and Yohe 2003 , Root et al. 2003 , Devictor et al. 2012 , Gillings et al. 2015 , Bateman et al. 2016 , and as the earth warms, we expect the distributions of many bird species in western North America to move northward. There is an extensive literature on the perceived and modeled effects of climate change on North American birds (e.g., National Audubon Society 2015, Schuetz et al. 2015) .
However, no studies have looked in great detail at past or continuing shifts in bird distribution in western North America, at all seasons, to tease out distributional changes that may have resulted from other mechanisms, such as land-use change, from those that likely result from climate change.
Using the vast bird literature published since the Grinnell era, online resources such as eBird and Birds of North America (BNA; birdsna. org/Species-Account/bna/home), and our decades of studying bird distribution in the states of California, Baja California, and Baja California Sur, we compared what is now known of the geographical ranges of bird species across a wide range of habitats in this large area to what was published by Grinnell and others approximately 100 years ago. We examined information on potential range changes for 672 avian species, subspecies, and subspecies groups (which we pool simply as "species"), then winnowed this list to focus on the subset of these showing real, rather than illusory, latitudinal range changes. For species with real range changes, we report the direction of range change and patterns with respect to the species' seasonal status, geographic occurrence by subregion of the study area, taxonomic grouping, habitat, and diet. We also discuss potential drivers of changes in distribution, including climate change. Finally we discuss concerns with changes in distribution that may occur in the future under climate change (IPCC 1990 , USGCRP 2017 , which is expected to bring warmer and more variable weather patterns to the region (Ackerly et al. 2010;  water.ca.gov/Water-Basics/Climate-Change-Basics).
MethoDs stuDy area
Our region of study includes the state of California (USA), the Mexican states of Baja California and Baja California Sur, and offshore waters to 200 nautical miles (370 km) from the nearest point of land, including islands, but excluding waters closer to Oregon, the Mexican mainland, or other islands outside of our boundaries (Figure 1 ). California is further divided into northern and southern portions (matching the regions longestablished by the journal North American Birds) to establish four subregions. The study area is ~2500 km long (>20° of latitude) and 73% is covered by seawater. The oceanic portion of this area is much larger than that considered by Grinnell and others, and its patterns of bird occurrence are still poorly known. As a result, it was difficult to confirm changes in most of that area. No. 3 Elevations within the study area range from below sea level in Death Valley to >3000 m at many peaks in various mountain ranges from northern Baja California northward. The isolated Sierra de La Laguna reaches >2100 m at the south end of the primarily low-elevation Baja California Peninsula and is particularly rich in endemism. The climate is Mediterranean in much of California, but continental in the highelevation Great Basin of northeastern California and arid in southeastern California and on the Baja California Peninsula. Major terrestrial habitats include needle-leaved, broad-leaved, and mixed forests; woodland and savanna; chaparral; many types of desert and other scrub; grassland; marsh and mangroves; and tropical thorn scrub. Terrestrial tropical and near-tropical habitats form essentially an island system at the end of the Baja California Peninsula. The rich, cold California Current and upwelling dominate the offshore environment of the northern three-quarters of the study area. Warmer waters are found particularly south of the Tropic of Cancer and in the Gulf of California, another rich marine area. For more details on the habitats, ecosystems, geography, and ocean realms of the region see Stallcup (1990) , Hickey (1998) , Cartron et al. (2005) , Selby (2012) , and Mooney and Zavaleta (2016) .
Over the past century, land-use and habitat changes throughout our study area have affected bird distribution and abundance significantly (Figure 2 ). Among the most broad-reaching and intensive habitat changes have been the expansion and intensification of urban areas, particularly at low elevations along rivers, bays, and coastlines; draining and filling of wetlands for agriculture and development; irrigation of arid lands, converting desert scrub and grassland to agriculture; and creation of large inland waterbodies, such as reservoirs (primarily between 1910 and 1970) and, from 1905 to 1907, the Salton Sea, by the accidental diversion of the Colorado River. Exemplifying the magnitude of such changes, California's Central Valley alone has seen the loss of more than 90% of its historical wetlands (Frayer et al. 1989) , over 95% of its riparian forests (Katibah 1984 , The Bay Institute 1998 , RHJV 2004 , and roughly 60% of its grasslands (CPIF 2000 , DGP-GIC 2003 and oak savanna (DiGaudio et al. 2017) . Forest and woodland birds-particularly those that depend on old-growth forests-have suffered the effects of timber harvest, but reforestation of previously logged areas has continued to progress, and urban forestation (largely dominated by nonnative plant species) has increased tree cover far beyond pre-settlement conditions in some areas. Environmental regulations such as the 1970 California Environmental Quality Act, 1972 Clean Water Act, and 1973 Federal Endangered Species Act, coupled with large-scale efforts at habitat restoration and management, have slowed, and in some cases reversed, prior habitat changes. Overall, however, the net effects of human land use over the past century are the loss, or substantial modification, of native bird habitats. Such modifications are responsible for both expansions and contractions of birds' ranges, with species dependent on native habitats often declining or contracting their ranges and those that can exploit the new/modified habitats increasing in abundance and/or expanding their ranges.
assessMent of Change overview
Avifaunal studies of California and the Baja California Peninsula conducted and summarized figure 1. Study area in relation to the North American continent: California (split into northern and southern regions), Baja California, Baja California Sur, and offshore waters to 200 nautical miles (370 km) from the nearest point of land (i.e., exclusive economic zone).
figure 2. Schematic time line of major events concerning the avifauna of the Californias, 1850-2015. No. 3 in a fairly consistent manner by Grinnell and others in the first half of the last century (e.g., Grinnell 1915 , 1928 , Grinnell and Miller 1944 form the baseline for our investigation. Just as Grinnell offered a single individual's or team's perspective on the birds of that time, we used our own evaluation to compare the geographic ranges of all species included in the early works with what is known of the avifauna today. Like Grinnell and his colleagues, we filtered the work of many others to make our own conclusions concerning the avifauna of our time. Breeding ranges, winter ranges, and ranges during periods of migration and dispersal were all considered. Outlying records, as well as those from the cores of ranges, were evaluated, as discussed further below.
taxonoMy
In addition to species, we considered many subspecies and subspecies groups. All of these taxonomic units are referred to as "species," but from this point onward we dispense with the quotation marks intended to emphasize the difference from typical biological definitions of species. We followed the AOU (1998) and updates through the 57th supplement (Chesser et al. 2016 ) for full species recognition. However, we are cognizant of alternative concepts, especially those of NavarroSigüenza and Peterson (2004) . There is no single source summarizing all of the subspecies and subspecies groups that we address. Most of the subspecies are identified in traditional works such as those by Grinnell and others (mentioned previously), Friedmann et al. (1950) , AOU (1957), Miller et al. (1957) , Phillips (1986 Phillips ( , 1991 , the Birds of North America accounts , and Unitt (2004) . Subspecies groups generally match those identified by the Birds of North America accounts, AOU (1998), and Pyle (1997 Pyle ( , 2008 . Subspecies and subspecies groups were included on the basis of a combination of their taxonomic distinctiveness, unequal range changes within species (i.e., their usefulness for our analysis), and isolation (e.g., many endemic subspecies of the mountains of southern Baja California Sur). Scientific names are included in Appendix 1 for all species whose range we identify as undergoing real latitudinal change and in the text for other species.
resourCes anD explanations
Our comparisons were based on our own experience over the past half century, the published literature (including seasonal summaries in North American Birds and its predecessors), and the massive (but recent) eBird database accessible online (Sullivan et al. 2009 (Sullivan et al. , 2014 . This database is much stronger for California than for the Baja California Peninsula. For example, for California (current population of >38 million), 11,500 people contributed locality checklists to eBird in 2015. By contrast, contributors to eBird for Baja California and Baja California Sur (combined population of <4 million) in 2015 numbered 209 and 263, respectively, with many of the latter actually international visitors (all data on eBird contributors from B. L. Sullivan pers. comm.) .
At the north end of the study area, range changes in California were not used in this analysis if the species' range originally extended north of the state in the same seasonal role. For non-seabirds this was not the case at the south end of the study area, where the isolation of the Baja California Peninsula made consideration of bird distributions in mainland Mexico less relevant. For example, we included in our analysis the southward expansion of the Mourning Dove's breeding range in Baja California Sur even though the species' breeding range on the mainland extends farther south. Our focus was on the overall reported range outline for species, including the frequency with which birds visited peripheral areas. For example, if species x is still resident at or occurs annually south to location y but in lower numbers than historically, it would not trigger "change" in our analysis. However, if a species now occurs only infrequently where it used to occur nearly annually (or vice versa), "change" would be recorded. Because range boundaries are inherently more dynamic than centers (La Sorte and Thompson 2007) , range edges are expected to be more sensitive to change, by contracting or expanding along with climate change or other factors such as habitat alteration or mere chance. We used only latitudinal adjustments in distribution at the north or south extreme of species' ranges in the study area to determine "change," discounting many instances where ranges or population densities adjusted north or south within a species' overall range in the study area. Nevertheless, we did take into account species' population trends inside and outside the study area in making our determinations of which range changes were real and which were illusory. At our scale of review, we required perceived range adjustments of >10 km to be identified as change in our initial assessments. Also noted as showing change were species newly recorded in the study area or any of its component states. We were unable to create a precise formula that addressed the many ways that ranges have changed geographically and by species, in large part because our knowledge of species and locations varies greatly. We have used our best judgment to identify change, and we emphasize that our initial compilation of apparent changes in distributions in no way depended upon the potential ecological significance of such changes or their expected permanence.
For species identified as having undergone real latitudinal range changes, we then considered logical explanations for such changes based on habitat/land use changes or other obvious mechanisms (in which case we considered these range changes to be "explained") or not ("unexplained"). We then considered climate change as a possible mechanism for "unexplained" range changes.
speCies ConsiDereD
We first considered all species recorded in the study area (see CBRC 2007 with updates at www.westernfieldornithologists.org/08rboc. php; Erickson et al. 2013 and updates in North American Birds), including many nonnative species discussed by Allen et al. (2016) and Garrett (2018) . We created a matrix of all but the rarest species (structure shown in Appendix 1). We generally included only species with >5 records, but also some species with even one or two records if those records fit into an obvious pattern of change on a larger geographic scale. With our initial list of species we began a process of winnowing with the ultimate goal of creating a list of species showing latitudinal range changes for further analysis. In so doing we adopted a very inclusive definition of "range," in which all individuals of a species are taken into account. Thus we included breeding birds, wintering birds, migrating birds, wandering birds, and even far-flung vagrant individuals.
Our initial matrix included 672 species, including 37 nonnative species (Appendix S1). From this initial set, we identified species that at least appeared to have undergone latitudinal range changes over the last 100 years. We next evaluated which of the species in this second set experienced real change, as opposed to illusory change (i.e., species for which we attributed the appearance of change to a combination of greater observer coverage and the accumulation of knowledge and records over time). This subset comprises the species listed in Appendix 1. Addressing this issue, Grinnell (1922:375) famously wrote, "it is only a matter of time theoretically until the list of California birds will be identical with that for North America as a whole." Of the species identified as having undergone real change, we then excluded from further consideration certain nonnative species, as well as native species for which range changes, under further evaluation, were not considered latitudinal or for which changes fluctuated over time. This allowed us to focus on species, mostly natives, whose ranges have undergone real latitudinal changes.
results iDentifying speCies showing real latituDinal range Changes
Of the 672 species evaluated, no range change over the past 100 years was evident for 138 native and one nonnative species, the Rock Pigeon (Columba livia). Of the 138 species, 101 are landbirds (including four members of the Galliformes), many of which are sedentary, and include all of the mountain endemics of Baja California Sur. Five of the 138 species were already extinct on Guadalupe Island 100 years ago, and the California population of the Sharp-tailed Grouse (Tympanuchus phasianellus) had already been extirpated.
Of the remaining species that at least appeared to have undergone latitudinal range changes, we concluded that the appearance of changes for 270 species resulted from a combination of greater observer coverage and the accumulation of knowledge and records over time.
We identified 227 native and 36 nonnative species as showing real range changes within the past 100 years. Thirty-two of the nonnative species are new to the entire study area through direct, though often inadvertent, introductions (and thus could not show natural latitudinal range changes from 1915), and one more (the Ringnecked Pheasant, Phasianus colchicus) is new to the Mexican portion of the area (Garrett 2018) . Another nonnative (the Gray Partridge, Perdix perdix) is now extirpated in California. These 34 nonnative species are not considered further. We also excluded from further consideration 34 native species whose range changes we did not consider latitudinal (including extirpated and extinct species) or for which changes fluctuated over time. All range changes we conclude are real are identified in Appendix S1.
The end result of our analysis was the identification of 194 species showing real latitudinal range changes (Table 1 , Appendix 1). None of these changes were to the portion of the range in which the species occurs only during migration; there were, however, a number of examples of changes to patterns of post-breeding dispersal and other seasonal movements. The 192 native and 2 nonnative avian species whose apparent latitudinal range changes in the Californias over the last 100 years we consider real. Species are categorized by the direction of range change, whether the change is an expansion or contraction, and the factors likely responsible for these changes. Of the 246 changes shown, we consider 68 explained, 178 not explained. Code enclosed in brackets if any of the following specific factors is considered primarily responsible for the change in the species' range; I, population increasing over a wide portion of the species' range; D, population decreasing over a wide portion of the species' range; H, habitat alteration considered at least partly responsible for change; S, regulation of shooting considered at least partly responsible for change; F, cessation of feather trade considered primarily responsible for change; P, reduced use of organochlorine pesticides considered at least partly responsible for change; C, brood parasitism by the Brown-headed Cowbird considered at least partly responsible for change; R, introductions/reintroductions, whether inside or outside the study area, considered at least partly responsible for change. X, no obvious explanation for change. (Table 1) . Of the changes attributed to habitat, 54 were range expansions within the study area (34 northward, 20 southward) and 9 were contractions (5 northward, 4 southward). A combination of habitat alteration and reduced shooting has been judged primarily responsible for the increase in the range of the Osprey (Bierregaard et al. 2016) . The end of the feather trade has been judged primarily responsible for the increase in Snowy Egret populations Miller 1944, Bousman 2007) . One nonnative species (the House Sparrow) had not had sufficient time 100 years ago to complete its southward expansion to the tip of the Baja California Peninsula (Alderfer 2006) . Highly managed populations of the Wild Turkey and Trumpeter Swan have benefitted from continued introductions/reintroductions in the western United States and, in the case of the swan, the cessation of unregulated shooting. The taxonomic groups with the most explained range changes are the doves (4, 57% of those considered), cardinalids (4, 27%), and icterids (7, 41%). All of these were northward adjustments except for those by two of the blackbirds. Among explained range changes, northward expansions and southward contractions were concentrated in northern and southern California, and northward contraction occurred primarily in southern California and Baja California, but southward expansion was concentrated in Baja California Sur ( Table 2) .
The well-documented decline and recovery of several birds of prey (e.g., White et al. 2002) and marine species (particularly the Brown Pelican; Shields 2014) in response to the widespread use of, and eventual ban on, organochlorine pesticides occurred entirely within our study period. For the most part, this did not affect range boundaries within the study area, but the Brown Pelican has yet to nest again at the site of its northernmost colony near Monterey, where it formerly bred irregularly in small numbers (Baldridge 1973 , Bailey 1993 , Roberson 2002 .
unexplaineD latituDinal range Changes
We cannot explain the latitudinal range changes of 148 native species by any of the means discussed above, so we further evaluated the changes in these species, considering the potential for such changes to have resulted from climate change. Of the 148 species, 102 have adjusted northward, 36 southward, and 10 in both directions (Table  3 ). In only two species (Swainson's Hawk and Bank Swallow) were there changes at both ends of their ranges. The ranges of both species expanded northward in winter and contracted northward in the breeding season. Since the 2015 analysis for this paper, however, Swainson's Hawk is now reoccupying its southernmost nesting areas in the study area, in northwestern Baja California (eBird, RAE pers. obs.). One potential change not included here concerns the Bronzed Cowbird; it is unclear whether recent visitors in the Cape district of Baja California Sur represent an expansion of the species' range down the peninsula or (more likely) dispersal west across the Gulf of California.
Of 178 unexplained range changes shown by the 148 species, 130 (73%) are northward, expansions and contractions combined (Table 4) . Among the species showing changes in opposite directions, the patterns of resident and wintering populations differed in the Canada Goose. Resident semi-urban populations have flourished widely in California (Bousman 2007 , Allen et al. 2016 , Unitt and Hargrove 2018 , causing us to identify a southward expansion, but the winter range of migratory populations in southern California and northern Baja California has contracted northward (Patten et al. 2004 , Erickson et al. 2013 .
seasonal patterns
For species with unexplained range changes, the direction of change varied proportionally by their seasonal status (Table 4) . Changes shown by resident populations were evenly divided between those with northward and southward adjustments, but 64% of changes to breeding ranges (i.e., summer residents) and 89% of changes to winter ranges and other seasonal distributions (e.g., postbreeding dispersal) were northward.
geographiC patterns
Northward expansions and southward contractions (the least frequent pattern) occurred primarily in northern and southern California, northward contractions occurred primarily in southern California and Baja California, and southward expansions occurred primarily in southern California (Table 2 ). Southern California was responsible for 37% of all changes identified.
taxonoMiC patterns
In five groups did >50% of the species have unexplained range changes: swallows (75%); rails and cranes (56%); herons and ibises (56%); terns and skimmers (54%); and native waterfowl (53%) ( Table 5 ). Most of the range changes were northward, but the majority (67%) of changes in waterfowl were either southward or in both directions. In addition to waterfowl, three other groups adjusted south more than north: woodpeckers, chickadees and creeper, and kinglets and thrushes. Groups with <10% of species showing change are the grebes, cuckoos, jaegers and skua, tropicbirds, tubenoses, shrikes and vireos, and emberizids.
Nonpasserines represent 54% of the native species evaluated overall but 63% of those with unexplained latitudinal range changes. Stated another way, 27% of nonpasserine species had unexplained latitudinal changes compared to 19% of the passerine species.
habitat patterns
For nonpasserines, wetland (52%) and marine (23%) habitats are most represented among species showing unexplained range changes (Table 6 ). Mixed forest (29%) is most represented among passerines. The same habitats are most represented for all species combined: wetland (38%), marine (14%), and mixed forest (14%).
Diet patterns
Few obvious patterns are revealed when diet is compared to unexplained range changes (Table 7) . Herbivores (geese, swan, and wigeon) were the only ones to break the strong overall pattern of northward movement among all species considered. Species consuming primarily insects, invertebrates, invertebrates and fish, and nectar and invertebrates were disproportionally represented among species adjusting northward.
DisCussion
The recent biological literature is replete with papers on the actual or projected effects of climate change on wild organisms. At least four books published since 2010 have focused on birds and have summarized much of what is known of the mechanisms of climate change's effects on birds (Cox 2010 , Wormworth and Şekercioğlu 2011 , Pearce-Higgins and Green 2014 . The subject of range change is but a subset of this research.
general ConsiDerations
Our finding that northward range changes dominate accords with many previous studies that have shown poleward movement in the distribution of a wide range of plant and animal species (e.g., von Haartman 1973, Thomas and Lennon 1999 , Parmesan and Yohe 2003 , Root et al. 2003 . Møller et al. (2010:311) warned, however, that "while changes in distribution range margins have been presented as providing clear evidence of effects of climate change, the evidence for this claim is not particularly strong." We also found many, though fewer, southward range changes. A great deal of effort has also gone into attempting to model and project the biological consequences of rapid climate change (e.g., Peterson et al. 2002 , Thomas et al. 2004 , Jetz et al. 2007 , Wiens et al. 2009 ), but again Møller et al. (2010:313) questioned "whether predictions should be made given the current level of knowledge." Cox (2010), Møller et al. (2010) , and Pearce-Higgins and Green (2014) discussed in detail much of what is known of climate change's specific effects on birds. Concerning Mexican birds in particular, temperature change was the only factor Peterson et al. (2015) found to have a significant effect on avifaunal turnover over the past 100 years. We anticipate that a study such as ours will be much easier, and more powerful statistically, in the future after years of eBird data have accumulated and the quality of those data has improved in response to continuous targeted education of participants. An early example of this sort of work is that by Walker and Taylor (2017) . We have looked far back in time in a way that most studies concerning avian responses to climate change have not. "Despite a large literature on the projected impacts of climate change" Seavy et al. (2018:331) "found surprisingly few published papers that evaluated effects on landbirds that have already been observed in western North America." Likewise, we have looked at a large geographical area and a large group of species acting in various seasonal roles in a way perhaps unmatched by previous studies, but specifically called for by Sheldon (2010:163) . Moreover, most studies of birds' responses to climate change have focused on temperate and boreal regions of the northern hemisphere, particularly northern Europe where more long-term data are available, but our study area extends south into the tropics, albeit only marginally. Temporally and geographically, our work is complementary to the more focused studies of the Grinnell Resurvey Project (mvz.berkeley.edu/Grinnell/) and the San Jacinto Resurvey (www.sdnhm.org/science/birds-andmammals/projects/san-jacinto-resurvey/), which have revisited a number of Grinnell's study sites from the last century. Their focus, however, has often been more on altitudinal than geographical range changes (e.g., Tingley et al. 2009 , Rapacciuolo et al. 2014 .
Shortcomings are evident in our study. We had to consider widely disparate types of information over a long period to make many hundreds of decisions concerning potential bird distribution changes in our area of interest. We readily acknowledge the subjectivity inherent in this process, but we note that this type of "expert opinion" approach has met with success (Jetz et al. 2012 , Javeline et al. 2013 ). Deciding when fluctuations became trends was not easy, nor was the distinction between explained and unexplained changes always clear. We acknowledge that had we undertaken this process a few years earlier (or later) some of our judgments would not have been the same, given the natural bias of immediacy. Similarly, the reproducibility of our study is problematic given the large number of species involved with potentially multiple range changes for each, the vast literature consulted with the understanding of distributions changing through time, and the impracticability of documenting every action taken through the course of the study. Although our wide geographic scope is an advantage on one hand, climate change affects subregions within our area in different ways, as recently emphasized by Rapacciuolo et al. (2014) in discussing the heterogeneity of the environment in California. Also, at the end of the long Baja California Peninsula, the isolation by water of the southern end of the terrestrial portion of our study area inhibits any movement south toward or north away from mainland Mexico in response to anything. Table 6 . Habitat affiliations of 148 species showing real but unexplained range changes in the study area during the last 100 years. Habitat classification follows Shuford and Gardali (2008) and Gardali et al. (2012 
taxonoMiC groups
The preponderance of nonpasserines among the species whose distributions we identified as having changed contrasts with the suggestion by Wormworth and Şekercioğlu (2011) that smallerbodied species are generally more responsive to climate change than larger-bodied ones and the conclusion of Gardali et al. (2012) that passerines are particularly vulnerable to climate change in California.
The ocean environment offers special challenges, and opportunities, for research on climate change. In contrast to the suggestions by the NABCI (2010) and Pearce-Higgins and Green (2014:380) that seabirds are one of the groups affected most detrimentally by climate change, Wormworth and Şekercioğlu (2011) stated that ocean variability complicates predictions and that decades of data may be needed to understand underlying processes. At the scale of our work we were unable to identify many patterns. Many species respond to ocean temperatures (Hyrenbach and Veit 2003) , but few lasting changes in distribution were apparent to us. Alcids, quintessential northern birds, were the exception, with six species identified as having northward range contractions.
The apparent northward changes in the winter ranges along the coast of 12 species of shorebirds might be attributed to the end of unregulated hunting approximately a century ago (e.g., following passage of the Migratory Bird Treaty Act of 1918; previous legal actions in California summarized by Grinnell et al. 1918) . Many populations were severely reduced, but evidence to support the notion that subsequent range changes are related to a rebound after the regulation or cessation of hunting is lacking (Harris 2005) . Ten species of larids have benefitted from habitat alteration (Table 1) , primarily by an increase in nesting sites available at large wetland complexes such as San Francisco Bay, San Diego Bay, the Salton Sea, and the Guerrero Negro saltworks. Gull populations worldwide have benefitted from the availability of human refuse at landfills and elsewhere. The Royal Tern is unusual in that it now nests farther north in our area than ever before even as its winter range has withdrawn southward. Nevertheless, the numbers wintering in northern California since 2014 have been higher than in the previous several decades (North American Birds 69:289; eBird), suggesting that the species may reoccupy the northern part of its historical winter range.
Among landbirds, doves are known as great dispersers and are well represented among species showing real range changes. Hummingbirds are also disproportionally represented, having expanded and contracted northward in natural habitats, as well as expanding both north and south in response to habitat alteration. Swallows shine in terms of northward expansion in winter. This likely is in response to the effect of increasing winter temperatures on their invertebrate prey, which overall may explain the high proportion of species with insectivorous diets with northward range changes (Table 7) . Another specialized group, the frugivores/nectarivores (several of the cardinalids and icterids on their winter range) have responded to an increase in urban trees, particularly in southern California. Most of the species involved now have small disjunct sections of winter range far to the north of their main winter ranges.
CliMate Change effeCts?
The culmination of our investigation was the consideration of range changes as potential responses to climate change. Initial work concerning the warming climate's effects on bird distribution suggested that most change was to be seen at northward, advancing boundaries (e.g., PearceHiggins and Green 2014:172-175) . By contrast, Wormworth and Şekercioğlu (2011) stated that extirpations and contractions at southern boundaries are already widespread. We found more unexplained northward range expansion at northern boundaries than northward contractions at southern boundaries (70 vs. 61; Table 4 ), but the number of instances of change at northern and southern boundaries was similar (58 vs. 56; Table  3 ). Expansion in any direction has been easier to detect than contraction, given observers' natural interest in "new" records, but this tendency should be reduced with eBird's emphasis on submitting "complete checklists," those including numbers for all species observed.
In San Diego County, Unitt (2004:33) concluded that "the effect of climate change is most likely to be seen in winter visitors and year-round residents." Considering only northward changes, our findings are mixed, with 71 examples among winter/other visitors, 48 among breeders, and only 12 among residents (Table 4) . Note also that many of the species initially dismissed as showing no latitudinal range change are resident. Brommer and Møller (2010) found a similar under-representation of residents among species with ranges moving poleward. We do not know to what extent the possible cessation of migration in certain populations (cf., Berthold 1988 , Cox 2010 may have affected the changes we recorded.
The ranges of 40 species have expanded southward, and only six have contracted southward (Table 3) . Eleven of these expanding species are waterfowl (the southward expansion of the range of herbivorous waterfowl directly contradicts European findings discussed by Brommer and Møller [2010] ). These expansions may be due more to increases of populations and management of habitat than anything else (Table 1) . Cox (2010) noted that the populations of most American waterfowl are now at high levels. For example, the majority of Snow Geese now winter farther north than previously (Mowbray et al. 2000) , yet the number of Snow Geese appearing south of the previously recorded range in southern Baja California Sur is increasing. The reverse of this is that we failed to record northward contraction in species such as Bonaparte's Gull, which now occurs in southern California in much reduced numbers (Unitt 2004) , but the southern boundary of its range in our region has remained unchanged. For just these sorts of reasons, Virkkala and Lehikoinen (2014) encouraged the use of abundance data, rather than changing range boundaries, in considering the effects of climate change on biodiversity. We note that many species designated as threatened and endangered by government agencies, such as the Snowy Plover (Charadrius nivosus) and California Gnatcatcher (Polioptila californica), and some others undergoing dramatic population declines, such as the Burrowing Owl (Athene cunicularia) and Loggerhead Shrike (Lanius ludovicianus), failed to register in our analysis completed in 2015. The Tricolored Blackbird (Agelaius tricolor), however, has now contracted north from the south end of its range in Baja California (Erickson et al. unpubl. data) . In the future, eBird will be indispensable for quantitative analyses addressing issues such as these in more detail. Gardali et al. (2012) assessed the vulnerability to climate change of California's birds already at risk from other factors. They judged wetland and marine species to be disproportionally represented among those most vulnerable. Similarly, wetland and marine habitats accounted for 52% of the species we identified as showing unexplained latitudinal range changes (Table 6 ). We, however, found species of mixed forest to be as well represented as marine species. Two other habitats expected to be important by Gardali et al., desert woodland and riparian forest, were relatively insignificant in our study. In their analysis, Gardali et al. divided species into three levels of vulnerability. We identified a similar percentage of species with unexplained changes in each of their categories, ranging from 37% of those with moderate vulnerability to 46% of those with high vulnerability.
Despite our very large study area, we identified only one species-Cooper's Summer Tanagerwith a northward range change in the same seasonal role at both its northern and southern boundaries in our area. It retracted from its former breeding range along the lower Colorado River in southeastern California and northeastern Baja California primarily as a result of habitat loss, but it has expanded well to the north and west into new areas in the Mojave Desert and peripheral areas of southern California (Johnson 1994 , Unitt 2008 .
ConClusions
Avifaunal change is nothing new. Indeed, Newton (2003:283) took an especially long-term view in noting that for "at least the last 2.5 million years, natural communities probably never existed in a state of regulated and balanced equilibrium, but were in the process of constant change." Also, it is now well understood that the effects of climate change on birds and other organisms can be complicated indeed (e.g., Møller et al. 2010 , Tingley et al. 2012 , Pearce-Higgins and Green 2014 . We are only beginning to appreciate major oceanicatmospheric cycles such as the El Oscillation and Pacific Decadal Oscillation and their effects on birds (Cox 2010) . Nevertheless, the rate of climate change we are facing today will not be easy for natural systems to keep up with, especially coupled with competition from nonnative species (Wolf et al. 2016 ) and increasingly disturbed and fragmented natural habitats.
In a regional context, the geography of California may allow for the gradual northward movement of some arid-land birds in the east and more woodland birds to the west and north, but some lowland Central Valley species may less readily move northward into the mountains of northern California.
Many birds on islands and mountains are relatively susceptible to climate change, as their ability to adjust their ranges is limited. It might appear that three arboreal montane species on Guadalupe Island that went extinct or were extirpated during our study period (the Red-breasted Nuthatch, Guadalupe Ruby-crowned Kinglet [Regulus calendula obscurus], Red Crossbill; Barton et al. 2004 , Luna Mendoza et al. 2005 , Quintana-Barrios et al. 2006 were victims of climate change, but devastation of the island by introduced herbivores and other mammals was the root cause of most or all of the bird loss there. Near the midpoint of our study area, the mountains of San Diego County and northern Baja California are of outsized importance in maintaining some connectivity between higher ranges to the north and south (Erickson in press) . Unitt (2004) established a baseline that will be valuable for understanding future range changes in this area. At the south end of our area, we note with some alarm the potential fate awaiting the endemic flora and fauna of the mountains of southern Baja California Sur. It is easy to imagine climate change altering conditions in those isolated ranges to the extent they are no longer suitable for certain higher-elevation species that will be lost.
Climate change will likely bring changes to the avifauna of our region in ways both predictable and unpredictable. To increase the potential of effectively planning and managing for at least some of these changes, further study will be needed as well as an openness to acknowledging and adjusting to what will likely be a wide range of findings.
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